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Abstract 
During the last decade, structural deficiencies and failures have received extensive attention in mainland China, and a 
certain portion of the resultant disputes are resolved by means of forensic structural engineering (abbreviated to FSE). 
Meanwhile, however, the conflict between the progress of FSE and the requirements on forensic science practices 
becomes more and more outstanding. The purpose of the present study is to provide an in-depth insight into the 
development and issues with regard to Chinese FSE and, through this, discuss how it can better adapt to the new 
situations. The paper begins by outlining the typical causes of buildings and civil engineering disputes, and then 
identifies the major driving forces and progress of FSE. Further, barriers to forensic engineering are investigated 
which are of potential value to those working in or engaging with this profession. Thirdly, a total of four factors 
significant to forensic engineering are extracted, namely technical code system, impartiality, multidisciplinary 
working, and vocational qualification. Finally, the paper discusses, through the use of a case study, how to add value 
to FSE in mainland China. 
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1. INTRODUCTION
China has been undergoing and conducting large-scale building and civil engineering construction 
since the 1990's. Meanwhile, various types of problems (even drawbacks) underlying manifest themselves 
and plenty of civil engineering disputes surface. Forensic engineering plays an important role in ensuring 
and maintaining judicial fairness, social justice and fairness, and harmony society. The current situation 
of forensic structural engineering (FSE), nevertheless, cannot meet the strong demands for forensic 
engineering development and society progress. There is no extensive concern over the FSE system; rather, 
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few studies have been focused on this field (Jiang and Lin 2003; Qiu et al. 2005; Qiu et al. 2007; Fang et 
al. 2008). 
The purpose of this paper was to provide a general overview of the development and challenges of 
FSE and demonstrate how the quality of FSE can be improved as soon as possible. In this paper, the 
author analysed, and discussed on, the major barriers and four key factors to forensic engineering. The 
study aimed to contribute to the development of the FSE system and more importantly, to arouse 
extensive attention among the civil engineering community. 
2. CIVIL ENGINEERING DISPUTES AND FORENSIC ENGINEERING 
2.1. Sources of civil engineering disputes 
Currently, the major sources of disputes with regard to buildings and civil engineering works typically 
stem from three types of problems: (1) quality problems; (2) security problems and quality accidents, e.g., 
structural collapse; (3) construction cost problems, e.g., inaccurate survey of the bill of quantities. The 
present paper lays emphasis on the first two types. 
Quality problems surface when a product does not conform to design expectations or when it can not 
meet a client’s needs. In most cases, they may generate during design, execution, use and maintenance; 
on the other hand, their causes can be of wide variety, such as: (1) design flaws; (2) improper use of 
materials or deficient materials, e.g., concrete strength deficiency; (3) improper construction or defective 
workmanship; (4) adverse/severe environment, e.g., extreme weather, freeze and thaw, marine denudation; 
(5) improper use and maintenance, e.g., irrational alteration of usage. Security problems and quality 
accidents, in this paper, mean structural failures which bring about unacceptable damage, injuries, or a 
loss of life. 
Since quality/security problems may conceive and germinate during the whole life cycle of a civil 
engineering work, the subjects involved in the underlying disputes can be anyone of the stakeholders 
associated with the work. In rare cases, the subjects may include government, or a third party who has no 
contractual relation with the owner of the project/work. For instance, suppose that dewatering in deep 
excavation causes settlement of surrounding soils and further a serious crack of an adjacent building. 
Under the circumstances, the owner of the adjacent building may turn out to be a subject of the resultant 
dispute. 
2.2. The current state of forensic engineering 
Owing to a large number of disputes associated with buildings and civil engineering works, there is an 
increasing demand for structural engineering professionals to investigate quality problems and 
engineering failures. As a newborn professional field, forensic structural engineering is thus confronted 
with both golden opportunities and severe challenges in mainland China. 
There is certain similarity between the duties of forensic engineers in different countries. A forensic 
engineer can be employed to identify and evaluate the causes of civil engineering failures and perhaps 
more significantly, to assess the safety state of existing structures and develop retrofit methods to avoid 
further structural failure or injury of persons (Drdácký and KratČna 2000; Ratay 2007a; Ratay 2007b; 
Fang et al 2008; Prevatt 2010). In mainland China, forensic structural engineering is defined as ‘judicial 
forensic appraisal of construction engineering’. Apart from satisfying the needs of judicial activities, 
forensic appraisal serves as a settlement mechanism for various types of social disputes and, therefore, it 
is widely adopted in arbitrations, notarisations, mediations, and WTO Dispute Settlement (He 2009). The 
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state of the art and the state of the practice of FSE will be reviewed herein from two perspectives, i.e. 
associated organisations, and legislation and codes. 
2.2.1. Judicial forensic institutions and associated associations 
In mainland China, judicial forensic institutions, in the true sense, that face the whole society have not 
been established until the last decade. In Tianjin, the first judicial forensic institution—Judicial Forensic 
Appraisal of Construction Engineering of Tianjin Research Institute of Building Science—was 
established in Jul., 2001. As for Shanxi, the first judicial forensic institution was established in Shanxi 
Provincial Academy of Building Science in Nov., 2001. The Association of the Tianjin Judicial Forensic 
Work was founded on Apr. 21, 2010, and up to this date, a total of 36 judicial forensic institutions had 
been set up in Tianjin.  
The majority of existing judicial forensic institutions are born out of either large-scale building design 
institutes or academic institutions. As a consequence, the present situation of forensic engineering 
practice, in large part, refers to that of the civil engineering industry, which is influenced by deeply rooted 
industry traditions.  
2.2.2. Legislation, regulations, and codes 
In Feb., 2005, the Standing Committee of the National People's Congress issued the first legislation 
concerning forensic engineering—Provisions of the Standing Committee of the National People's 
Congress on the management of judicial forensic appraisal (hereinafter referred to as Provisions). 
‘Provisions’ definitely points out that a judicial forensic appraiser has overall responsibility for his/her 
appraisal project and, furthermore, judicial forensic institutions are not subordinate to one another. 
Additionally, several legislative decrees have been promulgated by the Department of Justice P.R. 
China since 2000, among which the leading files are listed as follows: (1) Administrative regulation on 
the registration of judicial forensic institutions (No. 95 issued on Sept. 30, 2005); (2) Administrative 
regulations on the registration of judicial forensic staff (No. 96 issued on Sept. 30, 2005); (3) General 
provisions on the procedures for judicial authentication (No. 107 issued on Aug. 7, 2007); (4) Standard 
for judicial identification document issued in Nov., 2007. The Ministry of Justice was established in Sept., 
2006 whose duties, by and large, refer to: (1) drawing up law, rules, and regulations related to judicial 
forensic appraisal; (2) drafting technical standards and codes; (3) guiding the development of new 
technique and the continuing education of judicial forensic staff. 
Codes, standards, and regulations are significant documents for a forensic engineer to deal with in 
his/her engineering investigations and in the assignment of responsibilities. It is also worthwhile to 
recognise that in forensic structural engineering practice, codes and standards concerning civil 
engineering provide the baseline for the design/construction requirements that were in effect at the time 
when the design/construction was done, and define the minimum level of performance that the failed 
structure should have met (Ratay 2007b). 
As is specified in the General provisions on the procedures for judicial authentication (hereinafter 
referred to as Procedures), the technical codes and standards of a specific specialty shall be observed and 
adopted in the following order: (1) national standards and technical codes; (2) trade standards and 
technical codes formulated by departments in charge of judicial authentication, trade organisations of 
judicial authentication, and departments in charge of related trades; (3) technical standards and codes 
agreed by most experts in the field concerned. However, technical codes and standards on the second 
level are almost left blank (Shen and Wu 2007; Fang et al 2008). 
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3. FORENSIC ENGINEERING: UNDERLYING PROBLEMS AND IMPROVEMENT 
3.1. Barriers to forensic structural engineering 
Review of the current state of forensic engineering reveals that FSE is not adequately developed in the 
mainland of China. Major barriers to the development of FSE will be summarised here, which are 
structured on the following themes: (1) technical code system; (2) impartiality; (3) multidisciplinary 
working; (4) vocational qualification. 
As introduced in section 2.2.2, existing technical codes and standards with regard to forensic structural 
engineering have not yet run into a frame/system (Shen and Wu 2007; Fang et al 2008; Cui and Zhang 
2009; He 2009). This situation directly leads to a lack of support for engineering investigations and 
assignment of responsibilities, thereby impairing the impartiality and credibility of forensic appraisal 
conclusions.  
Besides the technical code system, the impartiality of FSE depends on several main factors, including 
the body of knowledge, competence, and professional ethics of a forensic engineer. Unfortunately, there 
is as yet neither a continuous education system nor any precise qualification permission and examination 
regulations for FSE (Cui and Zhang 2009).  
In most cases, forensic structural engineers need leveraging their knowledge to identify and evaluate 
the causes of structural failures, in other words, dealing with structural ‘pathology’. Under these scenarios, 
FSE requires multidisciplinary working and, therefore, the influence of the body of knowledge 
(knowledge structure) of a forensic engineer is an important consideration. The overall body of 
knowledge typically encompasses a wide range of subjects, in which an incomplete list includes structural 
analysis and design, engineering construction, maintenance, inspection and structural diagnosis, project 
management, quality authentication, engineering ethics, law, and engineering insurance, etc (Barrentine 
2000; Detwiler et al 2000). The present situation is that FSE has not yet developed into an individual 
discipline and, more outstandingly, forensic structural engineers receive little formal training in forensic 
science and techniques during their undergraduate programs.  
Finally, unlike registered structural engineers and construction engineers, forensic structural engineers 
do not experience registration examinations. This is clearly an unfortunate state of affairs since the 
vocational qualification of FSE still lacks effective, and requisite, check and authentication.  
3.2. Improvement of forensic structural engineering 
Forensic structural engineering, in theory, shall be improved according to the four aspects of barriers 
as discussed in the previous section, i.e. technical code system, impartiality, multidisciplinary working, 
and vocational qualification.  
The construction of technical code system associated with FSE shall be given a priority. Judicial 
authentication authorities may build technical codes in conjunction with related academic institutes and 
associations. It is welcome that recent work has begun to focus on this issue. For the sake of impartiality, 
the competence and professional ethics of a forensic engineer need to be enhanced. Multidisciplinary 
working can be deepened with the aid of education and training. Under the present circumstances, the 
author suggests that it be improved by setting systematic undergraduate curriculum, and arranging 
continuing education courses as well. 
As shown in other trades, satisfying the requirements on vocational qualification is a minimum 
requirement. In view of the current situation, it is imperative to construct the check and authentication 
system for the vocational qualification of FSE.  
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3.3. Case study 
This section outlines an investigation of the engineering quality of GBI warehouse located in an 
industrial park. The typical defects and related forensic appraisal conclusions are discussed. 
3.3.1. Warehouse description 
The GBI warehouse is a two-story reinforced concrete frame supported by independent foundations 
beneath the columns. It was designed with a seismic protection grade of Grade six and a design working 
life of 50 years. The superstructure used cast-in-situ C30 concrete.  
The main part of the warehouse was completed in 2008, see Figure 1. Encumbered with the unceasing 
dispute over payment and schedule, the owner decided to advocate a forensic appraisal over the quality of 
the warehouse.  
3.3.2. Inspection 
The investigation was conducted in May, 2010, including in-situ inspection of the outward appearance 
(e.g., columns, beams, floors, fill-in walls, and roof), measurement of member dimension and column 
grid, inspection of bar spacing and concrete cover thickness (using HILIT PS 200 Ferroscan), appraisal of 
concrete strength and carbonation depth.  
Inspection of the outward appearance showed that: (1) there were a lot of honeycomb spots and holes 
in certain columns, see Figure 2a for example; (2) exposure of stirrup steel was found in several columns, 
see Figure 2b; (3) surface scaling and spalling of concrete, with an approximate area of 55 m2, was 
spotted on the concrete roof. 
 
Figure 1: Partial view of the warehouse. 
The deviations in member dimension and axis of columns did not exceed the limits specified in related 
standards (Ministry of Construction of PR China 2002). In addition, concrete strength of primary columns 
and beams, calculated on the basis of concrete rebound hammer, and bar spacing satisfied design 
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requirements. Carbonation depth measured using phenolphthalein solution 1% in ethanol indicated that 
carbonation depth of concrete also remained in a reasonable realm.  
        
(a)                                   (b) 
Figure 2: Typical outward defects of the warehouse structure. 
3.3.3. Analysis and discussion 
Marked honeycomb spots and holes were found in columns, see Figure 2a. It is often the case that 
concrete surface defects can be induced by a variety of factors, e.g., improper vibration, leakage of 
cement paste, improper mixture of fresh concrete. In short, the aforementioned defects were attributed to 
poor workmanship and defective in-situ construction management. 
Exposed stirrups can be observed in Figure 2b, indicating that the concrete cover for reinforcement is 
insufficient. The major reason for exposure of stirrups lay in that stirrups were placed too close to the 
forms of columns.  
The problems detected in this warehouse were assessed as ordinary defects. It was suggested that: (1) 
fine aggregate concrete can be used to repair honeycomb spots and holes; (2) 1:2 or 1:2.5 cement mortar 
can be employed to amend the area where stirrups were exposed. 
During this inspection, progressive instruments (e.g., electro-optical distance meter, Ferroscan) and 
accurate operation played a significant role in providing convincing arguments.  
CONCLUSIONS AND RECOMMENDATIONS 
There are no signs that future needs for forensic structural engineering will decrease in mainland China. 
Instead, as our civil infrastructure and buildings age, the needs for the appraisal and enhancement of the 
safety state of existing structures tend to increase in the coming years. However, the present study reveals 
that forensic structural engineering is not adequately understood in the mainland of China.  
The author pointed out that at present the major barriers to FSE development stem from four aspects, 
i.e. technical code system, impartiality, multidisciplinary working, and vocational qualification. 
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The improvement of HSE is apparently a systems engineering. To better adapt the needs on FSE, it is 
suggested herein that: (1) FSE courses be involved in undergraduate curriculum, and be improved 
constantly by means of continuing education; (2) the check and authentication system for vocational 
qualification of FSE be constructed early. In addition, FSE, in practice, can be improved by virtue of, e.g., 
progressive instruments and complete photograph information.  
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